Background. No population-based studies have examined the degree to which practice parameters are followed for urinary tract infections in infants.
U rinary tract infections are one of the most common acute diseases of childhood, affecting an estimated 6.5% of girls and 3.3% of boys in their first year of life. 1 Vesicoureteral reflux, which is present in 30% to 40% of children with a urinary tract infection, can put children at risk for recurrent infections and renal scarring. 2, 3 Effective evaluation of urinary tract infections can identify patients who may develop long-term renal complications such as hypertension and renal disease. 2, 4 Infants and young children are of particular interest, because they are at higher risk for renal damage from urinary tract infections than older children. 5 The most recent recommendations by the American Academy of Pediatrics for the evaluation of children Ͻ2 years of age with a first urinary tract infection include imaging studies (both renal ultrasound and either voiding cystourethrography or radionuclide cystourethrography) and antimicrobial prophylaxis for children with unknown or diagnosed vesicoureteral reflux. 1 Renal ultrasound can identify hydronephrosis and other anatomic abnormalities but can miss vesicoureteral reflux. 3 Either voiding cystourethrography or radionuclide cystourethrography can be considered the gold standard for diagnosing reflux. 3 Antimicrobial prophylaxis has been associated with fewer recurrent urinary tract infections 6, 7 and renal scarring 8 in children with vesicoureteral reflux. Although recent studies have questioned the currently recommended imaging studies as well as the necessity of prophylactic antimicrobials, 9-11 the current practice parameters are nevertheless generally accepted as recommended care, particularly in high-risk populations in which medical follow-up is uncertain. No population-based studies have examined compliance with guideline-recommended medical care for urinary tract infections in children.
The primary aim of this study was to describe the medical care that children enrolled in Medicaid in their first year of life received after a first urinary tract infection. Our secondary aim was to determine predictors of recommended medical care for a first urinary tract infection.
METHODS

Study Design
This was a retrospective cohort study using Washington State Medicaid data. Washington offers Medicaid insurance to all children living within the state whose families earn Ͻ200% of the federal poverty level. Children enrolled in Washington State Med-icaid at birth are automatically considered eligible for their first year. Children were enrolled in either managed care or fee-forservice medical plans. During the time of this study, children of undocumented aliens were included in the Medicaid system. This study was approved by the Washington State Institutional Review Board through the Department of Social and Health Services.
Eligible Patients
Children were included if they were (1) born between January 1, 1999, and September 30, 2000, (2) continuously enrolled in Medicaid from the date they were born through the first 15 months of life, and (3) diagnosed with a urinary tract infection in their first year of life. Continuous enrollment was determined by the Washington State Medicaid program based on Medicaid patient-eligibility files. We included only children who were enrolled in Medicaid for the first 15 months of life to allow a full 3 months after the child's first birthday for possible follow-up imaging studies if a child had his or her first urinary tract infection on or near his or her first birthday. The parents of study subjects may have been born outside of either Washington State or the United States, but the study subjects themselves were born in Washington State.
Diagnosis of urinary tract infection was defined as either (1) an inpatient, provider-billed diagnosis of a urinary tract infection or (2) both an outpatient, provider-billed diagnosis of a urinary tract infection and an antibiotic prescription filled within 1 week of diagnosis. If multiple diagnoses were listed for a given visit or hospitalization, we included only diagnoses of urinary tract infections that were listed either first (primary diagnosis) or second (secondary diagnosis). If urinary tract infection was the secondary diagnosis, we reviewed the primary diagnosis and excluded any children with a condition predisposing them to urinary catheterizations, such as spina bifida and major trauma. We did this to exclude iatrogenic and nosocomial urinary tract infections that may not warrant initial imaging studies, such as those caused by indwelling urinary catheters. We did not have access in our database to the results of specific laboratory results such as urinalyses and urine cultures. We defined children who were hospitalized for their first urinary tract infection as children with a urinary tract infection diagnosis who were hospitalized within 1 week of diagnosis.
Both inpatient and outpatient urinary tract infection diagnoses and associated studies were identified with International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic and procedure codes and Current Procedural Terminology, Fourth Revision (CPT-4) codes (Table 1) . Antibiotic prescriptions were identified by using Medicaid billing drug classes among outpatient prescription-drug claims.
Outcome Variables
Based on the most recent recommendations by the American Academy of Pediatrics, we used the following 3 outcomes to reflect recommended care for a first urinary tract infection in children in their first year of life 1 :
1. Anatomic imaging: urinary tract ultrasonography or renal scan within 3 months of initial diagnosis; 2. Imaging for reflux: voiding cystourethrography or renal scan within 3 months of initial diagnosis; and 3. Antimicrobial prophylaxis: antibiotic therapy after diagnosis until imaging for reflux was performed.
We chose to include all imaging studies that were performed within 3 months of diagnosis of a first urinary tract infection. Although there is no definite recommendation of when to perform imaging studies, 3 months is twice the generally accepted upper limit (6 weeks) of when to obtain both anatomic imaging and imaging for reflux. 10 We defined adequate antimicrobial prophylaxis as sufficient antimicrobial prescriptions to last between the date of diagnosis and the date of imaging for reflux. For children who did not receive imaging for reflux, we did not calculate the adequacy of antimicrobial prophylaxis, because those children did not have a defined end point. These children were excluded from the antimicrobial-prophylaxis outcome analysis. We identified the length of each antibiotic course by multiplying the number of days in the prescription by the number of refills. When we did not know the exact number of days in the prescription, we conservatively estimated the length of the drug course from the quantity of drug prescribed based on at least a once-daily dosing regimen. If multiple antibiotic prescriptions were prescribed at the same time, we summed the total number of days prescribed to conservatively estimate the longest possible length of antimicrobial-prophylaxis coverage.
Predictor Variables and Covariates
We analyzed patients in the study with respect to 7 variables that may be associated with compliance with guidelines for the medical care of first urinary tract infections. One variable was part of the medical management of the patient (hospitalization or outpatient management), and 6 variables were preexisting patient characteristics (age at time of diagnosis [Յ90 or Ͼ90 days], gender, parent's identification of the child's race [white, black, Hispanic, Asian American, Native American, or other], primary language of parents [English or non-English], Medicaid plan [managed care or fee-for-service], and location of household residence [rural or urban]). The data for the preexisting patient characteristics were collected at enrollment in Medicaid and were based on parental self-report. We considered patients whose parents reported a primary language of English, American Sign Language, or Braille as having a primary language of English. All other languages were considered non-English. Rural classification was based on the patient's zip code using rural-urban commuting area codes, 12 a census tract-based classification scheme developed by the Health Resource and Service Administration and the University of Washington.
Data Analysis
We identified all children with a first urinary tract infection among the study population and created dichotomous variables for each recommended outcome for a first urinary tract infection based on whether it was completed within 3 months of diagnosis. We conducted separate logistic-regression models to evaluate the association between recommended medical care and the previously listed 7 variables: hospitalization for first urinary tract infection, young age at time of diagnosis, gender, race, primary language of parents, managed care plan, and rural location of household residence. We included the following a priori covariates in each model: age, gender, and hospitalization at diagnosis. We used forward stepwise regression to determine the effect of each of the following covariates on risk estimates: race, primary language of parents, medical care plan, and rural location of household residence. Even if the previously listed covariates did not affect the risk estimates significantly, we included them all in the final models to account for any possible confounding and to keep the multiple separate regression models comparable. Be- 
RESULTS
We identified 780 patients who were diagnosed with a urinary tract infection in their first year of life (2.1% incidence among 38 793 eligible subjects in their first year), of whom 302 (38.7%) were hospitalized for their first urinary tract infection. Of children diagnosed with a urinary tract infection in our study, 59.7% were female, 17.7% were Յ90 days old, 29.7% lived in a rural area, and 64.6% were in a managed care plan ( Table 2) . Most of our subjects were white (43.5%) or Hispanic (27.8%); 3.3% were black, 3.0% were Asian American, 2.3% were American Indian, and 8.2% were of another race. The race variable was missing for 11.9% of the subjects. Twenty-nine percent of our subjects had parents who spoke a primary language other than English.
The majority (83.0%) of the patients with a urinary tract infection had that diagnosis listed as the primary diagnosis. Of the remaining patients identified by using a secondary diagnosis of urinary tract infection, we did not exclude any patients based on their primary diagnosis. The most common primary diagnoses among children with a secondary diagnosis of urinary tract infection were fever, bronchiolitis, and febrile seizure. There were a total of 448 unique medical providers who diagnosed the patients in the study, and the median number of urinary tract infections diagnosed by specific providers during the 36 months of the study was 1 (range: 1-10).
Less than half of all children diagnosed with a urinary tract infection in their first year of life received either timely anatomic imaging (44.0%) or imaging for reflux (39.5%) ( Table 3) . Of those diagnosed with urinary tract infections, 220 (28.2%) received both anatomic imaging and imaging for reflux, 123 (15.8%) received only anatomic imaging, and 88 (11.3%) received only imaging for reflux. Of those with imaging for reflux, 51.0% had adequate antibiotics to maintain antimicrobial prophylaxis between diagnosis and imaging for reflux.
After controlling for risk factors such as age, gender, race, primary language of parents, managed care plan, and rural location of residence, multivariate analyses showed that children who were hospitalized for their urinary tract infection were significantly more likely than children who were not hospitalized to receive anatomic imaging (RR: 1.38; 95% confidence interval [CI]: 1.20 -1.57) and imaging for reflux (RR: 1.62; 95% CI: 1.34 -1.90) ( Table 4) . Controlling for the same risk factors, children Յ90 days of age were less likely to receive antimicrobial prophylaxis than children Ͼ90 days of age (RR: 0.59; 95% CI: 0.35-0.90). Female children had more imaging for reflux than male children (RR: 1.32; 95% CI: 1.09 -1.56). Although race was not associated with our outcomes of interest, ethnicity did seem important: Hispanic children were more likely to receive anatomic imaging than were white children (RR: 1.49; 95% CI: 1.22-1.74). Children of parents whose primary language was not English were 27% less likely than children of parents whose primary language was English to receive anatomic imaging after a first urinary tract infection (RR: 0.73; 95% CI: 0.52-0.97). Children who lived in a rural location were less likely to receive both anatomic imaging (RR: 0.76; 95% CI: 0.60 -0.94) and imaging for reflux (RR: 0.71; 95% CI: 0.54 -0.90). Enrollment in a managed care plan was not associated with a difference in recommended care.
DISCUSSION
We found that more than half of children enrolled in Medicaid in their first year of life who were diagnosed with a urinary tract infection did not receive recommended medical care as defined by the American Academy of Pediatrics. Previous studies have found less-than-complete compliance with national guidelines for a variety of conditions including pediatric asthma care, 14, 15 vision screening, 16 sexually transmitted infection treatment in adolescents, 17 and treatment of otitis media, hyperbilirubinemia, and fever in infants. 18 In populations of children covered by Medicaid, less than half have been found to receive guideline-recommended health supervision visits and immunizations 19 and follow-up care after treatment with antidepressant medications. 20 Based on this and previously published studies, there is poor compliance with guideline-recommended care in both Medicaid and non-Medicaid populations.
We did find certain predictors of recommended medical care in our population. Children who were hospitalized at diagnosis were more likely to receive imaging studies. There have been no previous studies comparing inpatient and outpatient recommended medical care, but there are several potential reasons why hospitalized children may be more likely to receive recommended care. First, children hospitalized for a urinary tract infection may be more acutely ill than nonhospitalized children, although the practice parameters make no distinction based on illness severity. Second, children who are hospitalized may be more likely to have testing com- pleted during the course of their stay and not require an outpatient visit. Third, hospitals may have clinical pathways that detail and even mandate that recommendations be followed. Finally, care coordination at discharge may be superior to what is achieved in outpatient clinics, and follow-up studies may be scheduled more efficiently. We also found that children who were Յ90 days of age were at risk for not receiving antimicrobial prophylaxis. This finding may reflect that we do not have billing claims for inpatient intravenous antibiotic-drug administration. These children may have received adequate prophylactic antibiotics intravenously if they received imaging for reflux during their hospitalization.
Female infants were more likely to receive imaging for reflux but not more likely to receive anatomic imaging. Similarly, we found that children of parents who had a primary language other than English were at increased risk for not receiving anatomic imaging but not at increased risk for not receiving imaging for reflux. For risk factors such as gender and primary language, we expected that most children would either have both timely anatomic imaging and imaging for reflux or have neither. However, we found that receiving anatomic imaging was not highly correlated with receiving imaging for reflux and that many subjects received either one or the other. This may reflect that these tests are often not performed at the same time and that different factors may affect the receipt of each test. This disparity may also be due to providers strongly encouraging imaging for reflux in all children regardless of gender or primary language.
We found no increased association between antimicrobial prophylaxis and any of our tested risk factors. Because we defined the end point for antimicrobial prophylaxis as the date of imaging for reflux, all patients included in the antimicrobial-prophylaxis analyses by definition had received imaging for reflux. The lack of association between antimicrobial prophylaxis and the tested risk factors may reflect that patients who receive imaging for reflux are highly compliant with medical recommendations.
There are some limitations to our study that warrant mention. First, we were limited to patients with continued eligibility who may differ in some ways from those with discontinuous enrollment. All children in our study were enrolled in Medicaid for their first 15 months, and we do not know how many children were not continuously enrolled or moved from the state during the time of the study. However, continuity of enrollment in Medicaid programs is generally quite high in this age group, with only 20% to 25% of children not continuously enrolled. 21, 22 Furthermore, there is no a priori reason to believe that more mobile families would receive more guideline-compliant care than what we found. Second, we may not have captured all urinary tract infections accurately, given our reliance on an administrative billing database. However, inpatient claims tend to have high specificity, and all outpatient claims included an antibiotic prescription. We also included only primary and secondary diagnoses of urinary tract infections. Furthermore, the incidence of urinary tract infections in our study was comparable to those found in previous studies. 3 Third, there may have been some misclassification in the primarylanguage variable, and we grouped all non-English languages together. We recognize that different language groups may be associated with different cultures and ideas about medicine that may affect the use of the Western medical care system. Some language groups may speak English well, which may obscure any relationship between language barriers and lack of guideline adherence.
We were concerned about the possibility that individual provider effects might confound our findings. That is, certain physicians might routinely provide recommended medical care for certain segments of the population, and others may not. It is unfortunate that, given the large number (n ϭ 448) of unique providers and groups of providers in our data, controlling for individual provider, group of physicians, or hospital was not possible. We therefore endeavored to determine the number of urinary tract infections diagnosed by each medical provider. Because this number was small (median: 1; range: 1-10), we have some assurance that any detected effects were not due to specific providers who contributed disproportionately to the data.
Practice parameters are recommendations only and may be tailored for individual patients. However, we need more research on the most appropriate evidence-based practice parameters for evaluation and treatment of urinary tract infections. We found hospitalization to be the most important predictor of recommended care, but we do not recommend hospitalizing infants with a first urinary tract infection to increase the likelihood that they will receive guideline-recommended care. Given the trend toward increased outpatient management of urinary tract infections, 1 providers need to be mindful of recommendations for urinary tract infection care in infants when treating patients on an outpatient basis.
